Songklanagarind Hospital is a 750-bed university facility serving as a medical school, residency training
The pattern of nosocomial infections among patients undergoing operation varies widely from hospital to hospital and time to time. This variation is a result, in part, of the effectiveness of the preventive measures used, and to the characteristics of the patients and types of operation performed. It is well accepted that advances in medical technology reduce infection complications in patients undergoing operation. However, these innovations also produce a new population of patients at high risk for infection. The introduction of laparoscopic operation has substantially reduced infection. 1 The widespread use of antibiotics is also responsible for the emergence of multiresistant organisms, which create substantial problems in combating infection. Advances in organ transplantation, and in agents to prevent and treat allograft rejection, have resulted in a new kind of compromised host. The prosthesis placed in the patient produces an environment that prevents the pathogens from host macrophages.
Because the patterns of infection acquired in patients undergoing operation are ever changing, it is an essential part of nosocomial infection surveillance programs to periodically document the epidemiologic features of infection in these patients. We conducted a study in a university hospital in Thailand to document the incidence of surgical site infection (SSI) in patients undergoing certain major operations and to evaluate the risk factors of SSI in these patients.
program, and referral center for the southern part of Thailand. The hospital has maintained an infection control unit since 1986 and hospital infection surveillance programs are performed by 2 full-time infection control nurses.
Studied population
This study included patients from the departments of general, neuro, plastic, uro, pediatric, and orthopedic surgery. The study excluded patients from the departments of obstetrics and gynecology, otolaryngology and rhinology, and ophthalmology. Only patients undergoing major operations in the hospital were included in the study. We also excluded the operations of anorectum, oropharynx, skin grafts, and burns or scalds.
Data collection
Data were collected from September 1, 1998, to March 31, 2000. A log book was reviewed every day for operations that met the inclusion criteria. The name of the patient, hospital number, and patient ward were identified by the records of the operating rooms. Each of the 2 infection control nurses visited each ward, including the intensive care department, twice per week. The medical records of the patients, operative notes, anesthetic records, diagnostic imaging reports, microbiology investigation data, and other laboratory results were reviewed. Essential information included antibiotic administration, bladder catheterization, mechanic ventilation support, and central venous-line placement. Information on variables associated with operative procedure (time, duration and type of operation, degree of wound contamination) were also recorded. After discussion with the nurses and attending physicians in that ward, the pertinent data were recorded on preprinted data collection forms. The physical status classification of patients according to the American Society of Anesthesiologists (ASA) was identified from anesthetic records. 2 Medical records of discharged patients in the outpatient department and medical records of readmitted patients were also reviewed for evidence of infection that developed after hospital discharge. If the patient was lost to follow-up, there was no other system for detection of postdischarge infection. The criteria of the National Nosocomial Infection Surveillance (NNIS) system were used for diagnosing nosocomial infections and SSI. 3, 4 
Classification of surgical wound
The operative procedures were classified according to degree of contamination into 1 of 4 classes (clean, cleancontaminated, contaminated, or dirty/infected). The operative procedures were also classified and assigned risk-index categories according to the NNIS. 5 
Statistical analysis
The device-use ratio was calculated by dividing the number of device-days by the number of patient-days. The device-associated infection rate was derived from dividing the number of device-associated infections with the number of device-days multiplied by 1000. Incidence of SSI was calculated by dividing the number of infections by the number of operations performed and then multiplied by 100. The frequency of the organisms identified as causative pathogens responsible for infection was calculated by dividing the number of isolations by the number of infections. Standardized infection ratio (SIR) was calculated by dividing the observed number of infections by the expected number of infections. 6 The expected number of infections was calculated by indirect standardization method. The expected number of device-associated infections was derived from multiplication of total device-days with NNIS-reported, device-specific, infection rate. We used device-associated infection rates of surgical intensive care departments in NNIS reporting for standardization. 5 The expected number of SSI for each NNIS, procedure-specific, surgical, risk-index category was calculated from multiplying the number of operations by the NNIS-reported rate for that category. 5, 7 The sum of expected numbers for all risk-index categories of specific procedures was the expected number of SSIs for that procedure. The 95% confidence intervals of SIR were estimated by Byar's approximation. 8 Multiple logistic regression models were used to measure the magnitude and significance of the association between SSI and putative risk factors. The strength of association between various factors and SSI was reported in term of odds ratio. The role of chance was evaluated and reported in terms of 95% confidence interval and P value. The multiple logistic regression models were constructed using statistical software (Stata v. 7, Stata Corp, College Station, Tex). Univariate analysis was initially carried out to search for the variables that were statistically significant associated with SSI. Only variables that showed statistically significant association (P < .05) were included in the multivariate model.
RESULTS

Patient characteristics
The study included 4193 patients who underwent 4437 major operations from September 1998 to March 2000. Men accounted for 54.9% of the studied patients. The average patient age (SD) was 40.1 (22.1) years. The total hospital stay was 60,612 days with an overall mortality of 1.7%. The median lengths (interquartile range) of total, preoperative, and postoperative hospital stay were 10 (5 to 19), 2 (1 to 5), and 7 (4 to 13) days, respectively.
Operations
Among 4437 studied operations, 22.9% were classified as emergency. The median duration of operation (interquartile range) was 100 (60 to 155) minutes. Prophylactic antibiotics were administered in 3852 cases accounting for 86.9% of all operations. Preoperative, intraoperative, and postoperative antibiotic prophylaxis were administered in 2784 (72.3%), 810 (21.0%), and 258 (6.7%) operations respectively. The 3 most common prophylactic antibiotics used were cloxacillin, cefazolin, and gentamicin, which were used in 33.0%, 28.6%, and 22.1% of all the operations performed, respectively.
Site-specific infections
There were 506 nosocomial infections identified, including 192 SSIs, 133 urinary tract infections, 61 pneumonias, 62 cases of tracheobronchitis, 36 primary bloodstream infections, and 22 other infections. The details of device use and device-associated infections are given in Table 1 .
The 3 most common pathogens isolated from various sites of infections are listed in Table 2 . The most common causative pathogens responsible for pneumonia obtained from uncontaminated specimens (blood culture, aspirated pleural fluid, bronchoalveolar lavage) were Pseudomonas aeruginosa, Acinetobacter baumannii, Escherichia coli, and Klebsiella pneumoniae.
SSI
There were 192 SSIs detected, yielding an infection rate of 4.3 infections/100 operations. Among these 192 SSIs identified, there were 28 SSIs (14.6%) detected after hospital discharge. The SSIs accounted for 37.9% of all hospital-acquired infections. Among the recorded 192 SSIs, of which 98 were superficial SSIs, 38 were deep SSIs, and 56 were organ/space SSIs. The SIR according to operative procedure and other characteristics are illustrated in Table 3 .
Factors associated with SSI
Univariate logistic regression analysis revealed 7 variables that were statistically significant associated with SSI. The factors identified as the risk factors of SSI were male sex, emergency operation, prolonged preoperative hospital stay, prolonged duration of surgical antibiotic prophylaxis, prolonged duration of operation, high ASA class, and high degree of wound contamination. After controlling for confounding effects by multivariate analysis, the association between SSI and male sex, preoperative stay, and duration of antibiotic prophylaxis became nonsignificant (Table 4) . Only the duration of operation, ASA class, and degree of wound contamination were independently associated with SSI.
DISCUSSION
We conducted a 19-month prospective study in a referral and tertiary care hospital in Thailand. The objectives of the study were to document the patterns of nosocomial infections, especially SSI, developed in the patients undergoing certain major operations in the hospital. To maximize the accuracy of the results of the study, we excluded operations of which the diagnosis of SSI could not be precisely made such as operations on the oropharynx, anorectum, and burn wounds. The study intended to investigate the infection rate for highrisk surgical procedures. Operations that are usually low risk for infection, such as obstetrics and gynecology, and ophthalmology, were also excluded from the study. We used the NNIS system and Centers for Disease Control and Prevention (CDC) criteria, which are used in many countries, for diagnosing nosocomial infection to make the results of the study comparable. [9] [10] [11] Because the cost of full postdischarge surveillance is high, some infections that developed after discharge may have been missed, especially in patients with early discharge who were lost to follow-up. However, the study did identify a substantial number of patients with onset of infection developed after discharge.
The finding that SSI was the most common site of infection in patients undergoing operation and Staphylococcus aureus the most common pathogen for SSI was not surprising. 9, 12, 13 In our study SSI accounted for 37.9% of all infections acquired inhospital, followed by urinary tract infection (26.3%). Approximately 60% of urinary tract infections were related to urinary catheterization, the rest were related to operative procedures involving the urinary tract.
During the past decade, there has been increased interest in measuring and improving the quality of health care in many countries. In Thailand, health care reform requires that the hospitals in the country develop quality-management programs. In conducting quality-improvement programs, benchmarking is one of the basic elements that must be considered. [14] [15] [16] In the field of infection control, comparing incidences of SSIs between different reports is difficult because many reports either had no risk stratification, or different risk-stratification methods. 17 Traditional wound classification, which stratified each wound into 1 of 4 categories (clean, clean-contaminated, contaminated, and 18 Despite improved performance over the traditional wound classification scheme, limitations in the SENIC index were still noted. Recently, the CDC's NNIS modified the SENIC patientrisk index so it was on the basis of data easily obtainable at the time of operation. The NNIS basic SSI risk index has been proved to be a significantly better predictor of SSI risk than the SENIC index. 19 Comparing the infection rates according to both riskindex categories and procedures requires many strata, and a large amount of strata make the information inconclusive. To give summative information, we chose to report only the SSI rate in the form of SIR. To our knowledge, this is the first report that used SIR in comparing SSI since it was suggested by Gustafson. 6 We benchmarked our results with incidence published by NNIS. 5 This may not be comparable because the patient population in the NNIS report was composed of patients in the intensive care department, who tend to have more severe underlying diseases and require more invasive procedures that make them vulnerable to infection. However, we still had a higher infection rate in our study. This may be a result of the lack of equipment and personnel in our institution. It is the benchmark that we should pursue to improve quality in our health system.
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